
;.· 

. ~ .. 

•·': 

9. 0 RESOORCE TF.STlNG 

t. 
.(·. Product~on tests were perfo:rrced :during· the sumrer of 1979 . P.esults 

of ~esa test are as- follows : 

- Stati~ wa:ter level below ground surface (BGS7 •.•• ••.. . 421' · 

- Position of a mv Reda 120 hp pll!!p BGS .............. 1,ooo • ~ 

- Pumping .~te -- gallons per minute (GPM) • • • ; ~~~ •••••• 315 

- Drawd~ ... ~ • • . .. · • • • . . ••• • . • • .-•.• . •• .• .• . • ~;; ~ . ; . ;; •.. . . 777'':~ 

- Water tenperature at the surface .. .. . ... ;_ ~ : ~:,;~.-_, •••• • 125°F 

- ~~-~ed maxim:an production (GFM~ . ~;; • ••••• 400 

., Average total dissolved solids ('IDS) •• ; • • ± 6000 mi1lig'r;am per 
-· ·:~ liter (rrg/1) 

c::cr.prehensive test of the resource was perfumed o~ Decerrber 17, 18,, and 19 
. . .- ~ '! • .._ ~ .. r :__ . ~. • ; . - . J 

of 1980 by GiO Radian Corporation hydrogeologists. 

~ · ·. This test .;is ~~ t~ d~f~e the . well ~~;istlcs and aquifer 

·' · '' · par~ters ·:~s ' listed- In this secti~~ oi the report. ~~~~sults ~-~ this· test 

-.: .. 

• :-.· .. ·, - .. _ .... (.' ~~: - ; --:,._. ~ ~ ~ - __ : ... , tj,.' ~ - j ~ '· ...... 
· -~~. OO;piled and . presented by Radian Corporation · in a ·. report entitled 

- :- - . ,; . . •, ... ,;.;"-~ ~ . . . . -· - . - .... . ... __ 
"GeOthenra.l .:Injection and Production Well Fesults .··at NavaJ:xo CollegE?>, 

, __ - ... .. .. :. - - .... . • .. "' .. jc;.· ;:..:::. 'K ;.- . ;,. :::: 

~'Y~l'Wl~"'A·'~~ o'f this report ~Y -be ~tai.ned fran the u.s. nat 
--~car'""~Fc;~fici{"1:>tiree·: · A 

''' ii:~~ :fu W: ·a~ . . ··: .... 

c:'"' • •. ' '• -::· . ~-.-~ .. : .. : ;. 

chemtcal analysis of the resource water· is 
i. ,; .·.·· ....... -

~.· 

.;:.• • ":.H"... •a:. o •• • -:.··!.. 
A 40 horsepov.'er sul::mersible punp was inst.a.Ued in well nunber 1 and 

a tenp:>raxy transfonrer installed to convert the available 1320 v9lts ·!C. to 

480 VAC required ·by the rrotor. Fifty. feet of 3 inch PVC pipe was used to 

route the water over a small berm and away fran the wellhead . Flew \vaS 

controlled by a 2 inch gate valve at the wellhead. 
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.:-:··.-

A four foot sectio~ of 4 inch pipe with a 2 inch free discharge 
~ 

qrifice· was attached to the end of the PVC pipe and used· to rreasure 

fl~ A 0. 0625 inch hole was drilled in the top face of the orifiee 

pl ate. in an q.tt:.errpt to· vent evolve<:lgases M-c:in the upstream 4 inch pipe 

se<;tion. 

water l evels were rreasured by use· of a-copper~air line placed in 

the production well and attached . to a pressure gauge~ 

· ~. 2 . . Test .Conducted 

, :·; . . . .Data ~ this _ te$t was. u5ed. ili detenriinhig' aqmi er pararreters of 

- .~SI!lis$:i;yity.; ;, coefficient ·. o£ · storage; ·-cine·: of· depression, : specific" 
. ~ :-

capacitY, discha..-rge temperature, chemical quality, alfd presence of dissolved 
<.',·.~ - f;J· .~: . :.ft·· ... . - ..... -~~<J-·.J . ~ ·=:.~~ · .. ...:: .... -=:..;;;;· . • ' ::· :·:·-.>"' - .-. ... -.-.- ; 

gases . 
.. -~:: ;: :-

-·~ . -- ._, --- ---~- -- ·---' .· . ~ .. -· ·---: ···· -:- ... :·~- .. 
The punp was turned on and allc:Med to clean._ and develop tJle well 

. ·:. ..' . \ . ;_. ··'~ :. . . :.. ': . ') .::.:· .· · . . •: . :;: ~' ' .• . .. 

for twelve hours on Dec::ernbE>..r 17 and 18. The flc:M rate during developnent 
:-· :: . 'l ·:~""i;.' ·- ;;>, ·-::-.. :;: . • -~·~··fj .. : ·,:-· .,~~ :.. : ,.! 

' ex~eaed.· i oo · GIM but was less than 165 GIM. The p.:mp was turned off at 3 a .m.. 

·~n :~·~;~-~ ~{i'~o and ~ -~~: ~~~ei' -~ ~~ :~--~~~~ ~~ .. ~:er. . 
• . . -: "Y ....:. .' ' ·. ::-:.:' . :.;·; :··=-: \ .• · .; :· :.'·.:__ ··' ~ .. ·:~~= :·.:--·: . ·.:-·.'· : ... ":· . :~ '· ·. · ~·.-·· .. :; .. ~--~":'-·' 

Based on the data collected, 9- 19 hour ~wdown specific;; gtpacity 
~ ~-•• ~ , ;. ,.~ , , , _, 1'" ', ~~ .. ::..'~' .,. • ~: : :: -~ ... ·... •.:: .· • .' ... '...: .~:· ·: •• _: \ o • ..... .. ""· -~ •', ,• • •• .:.:, :-:-: .... ~ 

of"0 . 99. and an estimated 19 hour recovel:Y specific capagg <?t . !.~03 v~<:re 
• j. ,;{; ·, -: "I ·~ ·:J .:•:.:. • :.': ~;:..::._.,J(!:.:': :/ : :: ·} ~ ·:~.Y':~ :-_:·• .... ~..:·::) ,.- · .~·.:· ... ~:: J". " : ~.'1,!' • • • ,; •-);,;.,.. -• - • ;., 

calculated. The average value being 1. 0 gC!].lons per ~ute pe,r::_~f.oot of 
·:·_o::~ .:'·""s ~-··-,.\,_ ... -:-~ .. :·.: ··:...~:~ ·: : ~ - ·. a."r: . . -~: . . ~~:-~: .. :. i • .. · :::::~_ .. ;:;.' -·;;:7.:. .. ::· ..... .. ~ . ..,• .. ;.~ - -· · '; 

draWdown (GfM/ft. dd) . The water levels during t11e 3 . 6 days of ~in;} are 
. . ;,.~! '· · . .::·· ·;-. -:.~-_, ... _. ; · ..... . ...,.-: •{ . .......... .. 

additional pumping. 
.... ·.-· . ... -. ...... . . . .• ·."': : .:· .:;~ . 

. ·:.:·, .-· '" .. .-. .. : ·:: · ..... 

.,f ..• .. ,.,:;_. . .;;" . 

~ ;_.: ··":: "'.·. 'i:-'-· ....... ~:..: ·. ~ .. . , • !,,' . :~. '· ·.: . .. · . 

"--.. 2.: .. ··"\ 
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- TABLE 972;,..!.-

i 
l ' . 

-

,, 
i · 

:-

. ·- ·:::.·' , ~ -·· 
: :.-; - Pump Test . _T~- Since . . . ·- ~ing Water revel 

Datef Tiire ·· ·- ;; OisCfiarge ~ture (°F) Pur!ping Began (Hours) (Feet Below 

18 De!:. 1980 
6:00 PH 
6:15 

:30 
:45 

7:00 
:15 
:30 
:45 

8:00 
:15 
:30 
:45 

9:00 
:30 

10: 00 
: 30 

11:00 
: 30 

· Pimp turned on @lOOGlM 
103.1 
111.2. 

•" . 114.8 

116.6 
118.4 
121 . 1 
121.1 

118.4 .. 
118.4 
118.4 
119. 3 

118.4 
118.4 

120.2 
122.0 

122:9 
119.3 -- ., 

12:00 Midnight - 118:4· 

19. Dec. 1980 

12:30 AM 
1:0.0 , 
·/::30 . 

118. 4 
118.4 
117.5 

116.6 

-~ 

.... ... 

., . · ·.·,..:.,.,· 

0 

1 

2 

3 

4 

.. 5 

6 

•,.t ,. 

7 
·-- ... 7 

8 . 
~ ·· . 

2:oo'"' ·,. 
3:fl.O, .;,_;~. 
4:00 
5:00 -~ -
6:00 · -~ 

i-"l 11~ •. 6·.: 
122. 0 
120.2 . 
122.0 
122.0 

~ . ·:; .... . . 
10 

12 
7: 35 

.· - .... ·. ·. ' ,;"; • , 

'. , , .. 

37 

. • !!~ 

Measuring Point) 

491 

570 

sn:s 

578 

580.5 

586 

578 

581 

583 

585 



TABLE 9. 2-1 (Cont.) 

Date/Tine 

10:06 
-11:00 

12:00 Noon 
1:00 EM 
1 :01 

10:00 

21 Dec . 1980 

11:00 ~ . 

22 bee. 1980 

11:30 AM 

23 Dec. 1980 

11:15 AM 

12:00 Neon 

- . PlliTp ~ · ~ ·- Tine Since Pu.nping Water Level Discharge ' Teli;;i9ratUre (°F) P\irriPmg Began· (Haurs) (Feet Below 
Measuring Point) 

122~9 
116 . 6 

122. 9 
122.9 
Purrip turned off 

Pump turned on for 
further well developtE!'lt 
@ ±lOOGPM 

123. 8 

123.8 

123.8 

Pimp tUJ:ned off end of 
punping dev~oprent 

16 

19 

37 

61.5 

85 .5 

Discharge Terrperature During Navarro 
College Geothe:oral Well Test 

Table 9 . 2-1 

587 

588 

·.·: 

2 ' 586 : 

596 

596 

'. 

. .. 

-
The tanperature of the dischargf.n<i geothel:nal fluid was ~- at . . t . 

hourly interVals during the course of the purrp test an<;l ~ alsa ~ _ 
'. ~ ~. ·. .... : • ..1 ... :-

in Table 9.2-1. At the end of tb= 19 lXmr punp test·~ 'the ~-t ·,r.·. 1~ \),,·~~~·· ;:,:;:; 

tercp:rature was .122. 9 degrees F but reoovered in later?~tests to 123) 'S; ,; 
. . ·.:·-

degrees F. 

During the test 1 field specific cond!.l:ctances were determined fur 

punp:d fluid sanPles and are pre~ted in Table 9.2-2 along with 

dissolved gas notations. A water sanple was collected on Decerroer 19 1 
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j.' 

1980 upon cx:rnpletion of the 19 rour test. Analysis of the sanple for 

total dissolved solids ('IDS} indicated a value of 6080 milligrams per 

'liter (rrg/1). 

and 6820 m;/L 

. .· .. ··. ;,· . . 
~ pre.,;~usly ~eco:rded va-lues of 'IDS t..'ere at 5300 rrg/1 

"' 
TABLE 9.2-2: 

Date T"i..me 

l?;:l8:-80 7 P.M. 

8 

9 

10 

11 

12 'inid. 

12-19:;-80 1 A.M. 

2 

3. 

4..-.. .-
s .. 

,; 6 .. 
" 

.!3 

10.15 

12 Noon 

12:55 

12-17- 80 1 P.M. 

HOurs of 
Pumping ' 

1 

2 
, ......... 

3 

4 
,. 

·s . 

6 

7 

8 

9 

10 v 

.1,1 .. . . 
12 , 

• 14 

16.25 

18 

19 

19 

. ~i!i!ld 
Conductance 
(mhos/em} 

B , lQQ .. 

13,100 

13,400 
::: .... 

13 , 200 

14,000 

15, 000 

14, 500 

14,750 

15;.000 

15,70Q ··";" .. ~ 

15,500 .. 

~-~;500 . 

1?, 700· 

14,700 

15,500 

14,700 

Conductance 
. . Sample 

Tenperature 
(oF) 

105.8: 

116.6 

114.8 

109.4 

110.3 
.. 

112.1 

... :113~0· 

' 113 • .0 

Remarks 

Clear discharge 
scrne gas bubbles. .. ' 

Clear discharge. 

Clear disc.~e. 

Clear discharge. 

Clear discharge, gas. 

Clear discharge <lith 
•' · bubbles, · distin~ odor. 

Clear disdw.Ige. 

Clear discharge, lots 
of gas in discharge 

' with- distinct odor. 

104;0:··• ·Clear dischaige, lots 
of gas in discharge 

.:;=::wit,h distinct odor. 

113. (}: . Clear di.scharge. 

M 0 ..r • 113. 0 :. · Clear dischaige. 

... £ 'i-, 113;1)-.. 'Clear discharge. 

112.2 Clear discharge . 

113 . 9 Clear discharge. 

114.8 Clear discharge. 

113.0 Clear discharge. 

End of Punping Phase of Test 

Field Specific Conductances· of ~ Geofluids 
Table 9.2-2 · 
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The cc.llplted avera~e transnissivity value detennined from the 
~ . 

drawdown and reccNery data of the 100 GFM test is 1360 gallons per . day 

per "foot (GPD/ft). This value i s lONer than the averaoe Wocdbine value of 

~ . 
report number 160, but does not appear unrea sonabl e a s ~e production well i s . ~ -~ . 
perf~rated only in the ],~~ ~ine foDilation of 81 feet average thickness: 
f'!:an ~s the average ~ility is canputed at 16. 8 gallons per day per 

... ·. 2 . 
square foot (GPD/ft ) (0. 449 Darcy} . · 

.. ""} J<'· . ... ... . --~~; ... , ... ::._ . 
The coefficient of storage (a dj.nensionless IlUJI.Per) is the atroUilt 

;f Jat.er ~ aquifer ~~leases frau or takes into storage J;>er unit st.Uiface· area 
i. .·.- ·: . ..::· : .. _i_::-. • r ' 
of the aquifer per unit change in head. This paran:eter assists in 

~ .. 
~ roo~ rapidly a cone of cepression will expand }lith tiJne... The - . . .-:. . ~:-·: : -~ : . : . .. ;_,:; . 
. ~w·~ge··· ·.s'I:Prage coefficient val ue cx:::rrput ed f.rom the test ~¥as o. 00.0024; 

<;:alc;ulations- . indicate: 'that the cOne 'of depression caused by W ··pumpin<;r -at 

. ~ production well. migrated radially cut tO about 2 miles during ·the course 

.... ::;f ~_the t~st ; assuming a practical sensible drawdown of 0 . 01 feet . No apparent 

hydn:lgeological boundaries were noted during the cx:rurse of the test • 

~ .3 . ' .Besults 

All test· objectives were met during the purrp test of Well nunter 

l, ,~:ro~additional deVel.q;rrent is reqw.reci. The geothennal fluid tenpera-

·' -~ :.Qf 123'~·aoF was ,Within. 2°F o f ~' spring 1979 t est· and is adequat e to 

, p:r;ovide heating requ.iielrents of the cascac!M geothel:nal aquacUlture system . 

. ' 

. ": ,; ,(: 

........ ...... ,, .• .. 

• 'I _ ... ,• t ~ • 
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. Z" -

· .10.0 DISJ?a3AL w""ELL .. DRILLING AND LeGGING 
- ~ 

.. :•~--

During Dec:eniDer of 1979, a seccnci exploratory ~11 was drilled on 

Navar.ro S'llege J?rope_r.cy to_.-"' ge_j:~:qnin~, ,,: _;Lf . . a !: ~tt~ · ~source, of better 

quality, cx::mld be encountered. This would _all~ lf!?e. :.Of the _first ~11 as an 

"'!'''"' ,' .... - •• : • • ;,, :1 ~ . . . , .. ,.~ .. (. . • '. . . .• . . ; . .'·. :· 

. ~-. 

, . Pt~-~eq .. ~~ . ~o .f!.~. f~l :9~P"lt.; o_f 2400 ~~~_;f9r ,;~- ,g.s :the . injept.i,on well . 

-]h~,~ .~~.1:h ~~----~.n ~l~ted -~it? ~fora-t;.i~n~ .. i,p ~- . ~ v~ine 

::··;:; 

10.2 Co!rpletion .. .. :. =~· .. 

: ., 

il.lc;J1 q;.s;i.ng Was<. ~et:_ .. apd,. ~¥a~ ~lp J~t. , _Fluid -~~1.8-: .. <wd:.qual,:j,:ty :fJ:am . ·. ·-' · ·· · .. . - .,. ·• -:- -.. .. _ . .. . . . . - . . 

this zone was not acceptable and. the well was initially .. plugged .back to 3300 
•• : .• • ~- . . .. ~· .... -: .... -:; · .: .·~· :: :· ·.-;.. :.:.:. ···/ · ·: • ... ··~ . ... - ··-'· .. . . 11 .... "1.· =-··· ~.. ;; ' .. 

feet and c::ripleted in the <>-~.~~' F9~g9n PY·. perfofating:...:~ 2452 

feet to 2590 feet. 

Testing -w-as initiated to dete.onine if there would be any 

interference with -well number 1. When punping in 'well number 2 was started, 

an inmediate drawaown was noted in 'veil nU!Iber 1 . 

Because of this l.nterference, . -well m.nnber 2 was plugged back to a 

depth of 2400 feet on Decerrber 23, 1981, for use as the injection -well. 
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After .the pl~g ~s~set,_ ttl¢ well was Perf?rated in the upper Woodbine 

Formation with 4 shots per foot in the intervals 2234 feet to 2256 feet and 

2278"' feet to 2292 feet. A total of 36 feet of sand was pP-rforated with 133 

shots. , ·. 

A •standard non-pressure. wellhead was installed- (Fig. 10-1~ 

10 ;-3 ·- ' Stit.ulation' ~thOd · · "' 

In an effort to increase the rate at 'Which the disposal well would 

ac6ept fluids at a= 1~ pressure, a 'lJtdraulic fra~ treatinent was perlonred 

· ·~' 6n" the tipper :7 tli00dbi.ne·::" Forination - SandS on ·~ 23; 1981'. The ~ n-ethod 

errploys hydraullc'pfusSilre to fni~ the l:ock' imd the ii-lui:x3:uctioxr of sand 

into the fractures, preventing their c l osing after the presSure iii rei:eased. 
· The '·fo~ffon broke dowh ~at· a s\u-fii.oe' pres·sure of approximately 

15DO'"pjunds per · Squ.Ue ~inch (Psr) . Before·au the sand coUld~~ into 

< . the fractures, tlie foimaEion quit taking . ~ sand leaVing a sana-ge'i ·im.xture 
in the casing. The sand settled out of the gel and filled the 'b'&J.:rig to a 

point above the perforations. ·' . =- ·; .. .. .:.:-

On OctOOei:- 24, 19Eil, ci c:Oiled tubiilg uriit ~-as usErl to iun a 1 inch 

T,.. OOtsioe. diaztkw' (0.0. ) '·oozlti.nUous . tube -intO~ the' ·-'~ll W nithxien waS 

.!\ . ·~ emplcyki t:O·-jet-lift:"th~ ~d ·o\it of t:OO :·casfug~·-· :The· Sand' was ;l:en-cWed to a 
.. 

--~. 

· .~. ·-:...·· .. ....... 

- J:, ·--·.: . ~- .... 
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NAVARRO COLLEGE. GEOTl-1ERM A L WELL * 2 

2" BULL PLUG -z:.--

~----=--27.'s.• E U E TUBINC.· 

"6 15/a ·WELL <SEAL l.Atz~l 
zooo-::: woe qz, 91o4 

....---z...-Brsfl3" COUPt:.ING, 
S R.D 111RE"AD~ 

\\\lliJ.UU\\. ~\,\'\ \ . .. 

Figure 10- 1 ~ We;L.D 

43 



• ,1" • • 

_: .. . .. :- ...... -

·~ .. . .. ?. ..... .... - ... ~ ......... -,.·· .. ~.::-t1 

··.:~~· ·:-.• :~·;·~::. ~:. :....:.:~:· ··.:··: ... ·.:::· .. :·. :. ~ ...... 
jo_ .. ... ',' " ••••• ·' -~· • ..-.-,····"'""'"-·"'0:' ... . -.:. .. __ ......... ;.., 

··:~.;. 

1 

-.~: 

•'. ''\; 

..... . . . , ......... '1'"('"" ....... ..~ .. --• . 
....... ... ·~-·. " ' 1,; 

. · :. ...... L.!'"~ t:.::: 5 •. \ "'\ .. ........ ... ~· - - ··~ 
-.· ...._ 
> ' .. 

·.: .': ·-
... _~ ...... ·:-

·--:-·:... 

. t. 
; 

-· . .. ·' .. , ; . :,.; : .. • ! .... 

44 

. 
i 
~ .. 

:.:• 
~=· . . ~-

. . 



i: 

!. 

! . 

-

11. 0 DISPCSAL '!'ES'l'IN:; 

On Q::tober 24, 1981, a ~ truck was connected to the disposal 

well and water fran a holding tdnk was punped into the w-ell. Punpi.ng began 

at the rate of 255 {?L{ per minute at a constant pressure of 750 pounds. 

After 20 minutes of ptmping at 750 pounds of pressure an attempt '<~as made to 

detenmine the acceptance rate at gravity feed. A gravity injection rate of 

only 60 GFM was obtained. It was also detezmi.ned that 500 pounds of pressure 

w-ould be required to sustain an acceptance rate of 120. GFM. 

.. , ..... 
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12. 0 APPLIO..TION ANALYSIS 

12.1 Tec.lll".ical 

The C-eo-Heat Center at Oregon Institute of Technology was give.'1 the 
• " • -~:- # • -· 

limitation of the injection well and requested to dete.;:mine. the Ill::lSt fe<\sible . '•. .: •.. . . . . . - -· 
application for this resource. PJ::elirninary engineering and · des.j.gn .. Q.etails . ~--- . .. 
performed by the Geo-Heat Center indicated that the ll'Ost f~sible application . -:. ·":'. .... . - ·-. · ... ;.. . .: . 
w'OUld be in an aquacultural/agricultural operation . . 

. ~ . ~--· . - . 

'!he Geo-Heat Center t..'aS p~ded w:i,th i.T}f~~?-~ on ~ge· daily, ... ' -·... -· . . . : . -- . . ·- - ;.." 

monthly, and yearly tenperatures at Corsicana, Texas, plus an expected energy 

y_i~d ~ the ~sour~· of ~1.~ ~ ~06 ~ ~/R~ ~t ~~ ~ ~~"~·· they 
detennined that sufficient energy was a~ilable, to maintain 0.5 acres of . • • : ;; • . . .: . • • -~ ·- ~ •. . . .. . • •• ;:~ . . ! • . : . 

covered aquaculture. p:mds at an optimum p~ ~ ~ture of · 82°F: 
••• ._ . .. ... - : (' 0 ·.:.:.. ••• • :-· ··.- - • - ,;: • • • -. 

In addition to the aquaculture operation·, the ce.'1ter advised that sufficient . ,. ·~-~: .. .:...--:-, . '.~-- - .... -::: .. .. :-... : . . .: ~- .. ~. 
energy 'NOUld exist in the effluent from these ponds to provide necessary heat 

for space heating requirarents of a small greenlpl~ ~t;-.- .. · ·. ..;.!;;_- _;: ,~.,.~";.~-~~- ... . .: . ':;:.. ....:.::::._·. ... -~·--:_:::......· . .:. 
. . 'In an effort to increase the econ:::rnic viability of the project, ··it 

. : . • . · ... :. -·_.; - • ~·:: : -:.:. !'. • -· . ..... . : 

was c deteJ::mined that all effluents could' be captured ln. a . two acre reservior 
•• 3-;:, ;: : ••• . 

• ' 1 .which could be ':tillz~~for'~a .qatfish pJ:?Cluctipr~. pqnd ~'!,jo~:=;i.QJ.£f irrigation .· .. (.: .. -;: ~-:.--·· f..' ( '•" • ·.:_,.. :~.. • -e.. .. _ • • 

of cropland. 
., ... r;~ ~: ·.~::.:-:;· 

With this pre~ engirieeri.ng data ~~~lable;· Navada College 
: .:.;;.::.i'!:!, ... -:~ : ::~ .. 

Sllhn.itted a suppleuent to the original prq:o~ in ~ of 1981 to the .· . . .... t. · ... ~· ._:t:...:.. ::::..: ;1 ·.. :. 

U.rii.ted States Department"- of · Energy which received approval through 

Moqification ADOS to the original proposal, "Direct utilization of 

Geotrenra.l Energy at Navarro College~ -a;r;;{~ , Texas~ . .. . •. : : . . ... ~: -:_: .. ·.:·~ :. -. ......... .:..c - -T :· : .. ;·; :. -· •• : ·.·.. ..;.: . -~- .~: - .. .. 
This approval led to prepa..rations of prel:iininary and Final Design 

•• • ·-_:.,.,· - : t"" ~ >.:.,.-•• =:: ·r, - .X, __ : ·~"'-; 
Reports bY a certified Archi tectural/I;:ngineering Fi.J:m which were approved . . . . . . .... . . . . ;,. . ; - : ~: . -\.. ..: .. ·. . . . ~ . 
thrcugh the Depart:Irent of Energy. These reports reflect a project that has 

• - .. -l ~ :~ 

been engineered as tecl-.rologically feasible. 
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12. 2 Ecor.~c 

~ 
A preliminary econcmic analysis of the project w.as conducted by 

·detenlti.ning the project~ i.neome ~f ~11 crcp items . fran the research project 
. . 

· · '··:Pius pot~tia:l iricorre f~ · ~ew student enrolknt due to incorporation of 

project elefrents ' into the Na~ College ~~lum . 
. ~i .....: 

Dile to -the i:inlited. . size· of the project on campus pr~rty; and 

because of the restricted irijection rate, it ~~ r~zed that this would 

be· -~ · p.l.:fot ' pi6j~: oniy . . As a"pi.iot. ~s~arch ·p~ject: .:a Payback on invest

fu:mt; ~i~·' &it ·\:~i~'fed · ~:s=:''i{\ro\~fd ~ ·i~i ~'~ ~~- larger ~i.aJ. 
? . ·· 

) 

·-. . , . • :·; . ~- .::.:."~! ·:"·:~ ·:.;: . ~ .. . ; .• : . ·, .. ... .. .. ·• - · . 
The chart below reflects a plot of ~ .. p~jected annual, _,inc::orre fran 

crop item.S ~- · ~a~~~- ei:~Thrent . fucorre ccrnpared to the projected annual 

: . ·~ ;~-.··: -:· ·. ~ .. : ,i ... ,;1:~ ~ ~ ... • "':•: . •• 

Prciwns - · ~ x 4000 Ths ./A/Yr. 
=; 100.0 Ths. X.: $.8./)br . $ 8~,QQQ. 

. ,Ci'htfi.l:!~.· ::- ~. x _1500 ,J,bs.f~ · 
· =· 3'000 Ths. x $1.25/Th. 3, 750. 

. ..... 

. : ~ .!·:·; ·-~-~ .• ·_ ...... :. :. '\;.' ~ .~ :,;.;. . • ..... .. ; . 

PROJF.CI'ED ANNUAL EXPENSES 

Personnel: 
.1 ~ Aquaculturist 
1 l-.i FTE Secretary 
·2 Ft~· Time Laborers:. 
other Personnel ~~~ ·. 

\Jti.li ties: 

$26;000. 
3,600. 
3;700 • 
8~000. 

4,000. Greenhouse Produce -
lOJOOO Ths. x · $ . 50JJ.:b. . .-... _ "':."' . . ... ... .. .... . 5,~.P.QQ • . .... _ .. , ... __ ·; 

Maintenance: 

SUpplies: 

.. ·::;. 
1,500. 

.. /.::· ·:· .• ·::· 

- '·::l i soo. 

. . .. 5,000 . 

. .. .. · ., . · ~ ·~.~~._ · ; , .... .. ~ . 

rorAL ESTIMATED~~c:M£ '5·~ $~~~7so::/·:.TOI'AL ~~ ~ENSES $53,300. 

48 

--------~--..-- -"110'0'., ... .... _ , __________________ _ 



13.0 OBTJI...!Nll§ USER CCM1I'IMEN'!' 

~ 

"' No users other than Navarro College. 

·:; 

49 



'lHIS PAGE INI'ENI'Iaw..LY LEET BUINK 

50 

~-----------------~~---------- ----..---------·--------------
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14 • 0 SYSTEM LOPDS 

"" This section describes the · projected heating ar.d cooling 

r~.nts of the project as calculated by an _independent engi.neer'..ng fi.Dn . 
: . 

Due to the nature of the PJ:?ject being exploratory and research 
.: : ;: .. 

oriented, very little data was initial~y ayailabiE: on heating and cooling 
.. ' .. . • t I .. 

requirements for aquacultural purposes in this area. Th~efore, a vital part 
. ... -

of thi~ report has been directed at deterrnin.ing if calculated derrands and 

flCMS >-lOuld prove sufficient ~- ~~- t~ o_f ~~cation. 
~· • .f: w t ':;; • :- •• • • ~ 

14.1 calculated Heating and ·cool.iilg .~nts 
·. :-: '.! ·.';-< Z : · · · :·:.rC H... .. #'.. ~· 

In· designing the heating system for this project a calculation was 
. ~.:.. ;-; ~ ~~0:: 1 · : \ ·! .:,. .. t ~ · ··-= .: r (· ~ · · • • 

detellllined on the rraXii!uJm probable heat loss from the aquaculture ·ponds and 

greenhouse a~~g . a . ~ak (!emand period · ... The' _heat losses experienced in ~s 

project consist- of .(1) heat ~tted tlu:ough ~ walls, IOOfs; and other 

surfuces and (2) the heat required to w-aDI\ cutside air entering the heated 

space. 

where: 

1':"' 

Heat loss for an area is a:mputed by the ~~on Q=GA (Ti-To)=OA T 
l : _, 

.. 
Q heat transfer rate fran one area to an adjacent area (pond to 

air or air to building, etc) 

tr 
. . _:. . . t"' 

heat transfer coefficient (B'IU/Hr- ft - °F) 
·-

A 
.. ~ .· :·.r ' : r •o~ .., r ·.:., 2 .. .-P ~. 

heat transfer surface area (ft ) , 
.1, 

.6T = tenperature difference between areas (°F) 
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-

This equation allows for . calculation of heating or cooling 

requirerrents of each of the project el.etents listed below: 

A. 

B. 

"' c. 

D. 

E. 

F. 

G_ 

... ~· -·-· .: 

"' ·_ -·· (. Aquacu¥:ure porids heat los s 

.Aquaculture ponds heating water 
. . . ; 

Heat exchanger pararreters 
• . J ~ 

_k.!uaculture ponds heat gain during heatL'"lCJ per~od 

Aquacultur~ facil itY ventilation rate 

Pond heat gain during cool ing period 
- . Greenhouse heat loss and potential heat gain ~am pond 

effluentS 

A. 
r _::,~:::.:. ·:L:·;·: ~~. :· .. < · 

AQUAdJLTURE PCmS HEAT La5S 
/ C"0:!;· ;... ... _:_,:.:;·,.-:. -- _ _:. , .: • ::. ·:. -. Enclosure Dirrensl.on - 204 f t . x 82 ft . x 12 ft . .. ~; . .... . . . . .... 

Total.~sed Area (1\)= 2 (82 X 12) + 2 (~?4 X 1~>, 

+ (204 X 82) 

~ = 1, 968 tt2 ~ 4, 896 ft2 + 16,728 ft2 

~ = ~{sg~ i/ 
.. ·:' f~.-

Pond D.ilnensions - 185 ft . X 30 ft. X 4 ft . 

Total Pond surface Area 

.. - ~- ... 

,, 

~) = 2 X 185 1 X 30 1 

~ = 11, 100 ft
2 

.-. , • -; - • •• .~~ 'l-

~ :·. . ' -. 

· Heat l oss to sides and bottan of poild. 
:-c- .-:_:--"·; ... . ... . :~·~ .... ·: ·-·5-_: ·~--· 

Total Bank Area = (4 X 185 X 4) + (4 X 30 X 4) ' . =~~~ .. 1.: ::~.-::.....:=- ..... ··.:~~ ·; :. 
= 3 ,440 ft 

.-·-.: 
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Let o
3 

"" Heat loss to Bank 

Q3 = 0 . 8 X 2~°F X 3(4~q 

Q3 = 68,800 BTU/~-

fti 

At equilibrium conditions , the pond heat loss will equal that of the 

enclosure heat loss. 

·. · .. 

:;::.. 

Let 01 = Enclosure loss 

Q2 -~-c.·~~~ .l~~.:S. 1:;0 •. ~~~~, ~<?,:-~! 
'. :.--- ·~-.. :.. . - -.! ~-:..:.~-::. :::. .. _··.- ·-~;!,;_, 

T = l7°F Tellp . outside (peak demand) 
0 -. ' ·. ' :; 'j'; ,;! '' -,·. . .: . ,., ' 

T. = Terrp. inside 
~ 

T = 82°F Pard terip. 
p ' ' . 

Ql : ' rri x Ai-i- (Ti .~ :To) 

Q2 = U2 X A2 X )'fp~,- ? i) :· ·-:;· 

: •_. 

:~· ... 

u
1 

x A_ x cT .. .:.·:T .. ) = u
2 

x A.. x (T - T. > 
-~ ~ ~ 0 -~ p ~ -- .. - -

u1 ~ Tj_ - Ul-AJ: T0 = u2 ~ Tp- u2 ~ Ti 

U~ · A{ Ti + .Ui·A2 :tr{= IT{~· Tp + 'Ul A{ T~ 

.. · .. :r 

* Source: White, Frank M. "Heat Transfer" copyright 1984 by 
Addison-Wesley Publishing Co., Inc. 
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:.·. 

Ti = ( 1 X 11.100 Ft
2 

X ~2°F) + (l· x ::3,592 X l7°F) 
. · ~ . (1 X 11,.100 Ft ) + (1 X 23,592) 

T. ,.; 37 . s•F' 
~ 

Q2 = t!2 x ~ x (Tp - Ti) 
r . 

Q2 = 1 X 11,100 X (82-37,8) 

Q
2 = 490,620 BTO/Hr 

Total Loss = 490,620 + 68 , 800 

... ·ss9,i2o ·rouk 
. . .. -··· .. . 

This calculation: has assurred no infiltration loss and therefore the 

actual load will be SCITEWhat higher. ·· 
;1...,..._ . :-:.: • • ~-.J. • ·- .......... t':-..:·} t . .... 

B. .AQUACUL'!URE PCNDS HFATJNG WATER ~ 

Pond H~~t ~t:: 55g~4~0 BTUf~ ·= ·~~9 ,~2'0 . 1b/hr-°F X 1 gal.lon · 

Heating Water Required ;, EE.liT uiss 

(freshwater) 

:. · .SOD xC:.T Geo-pondt 

,.;; ·ss9-,42o 
-= 5(!0 X .33°F 
= 34 Gl?M 

8.34 lb. 60 
min/hr 

* Project§_ ~9-ng ~ter enter~ . .-9-t ll5°F and pond tenp is @ 82"F 
.}. - ·~ -

C. HEAT EXOfii.NGER PARAMETERS . 
-· 

Geothe:onal water tenp • • ~~~in<;f. "exchanger = 125°F 
... ~· ..... ... 

Geothenral wc;_ter tenp. leaving ex~er = 70°F 
r; ;\ • ;-~·:_ ... • r • .\ 

Fresh water tenp. entering exchanger= 62°F 

Fresh water timp.' .le<;_ving-~~ ... us•F 

Geothenra1 Heat= 35 GPM X 500 X (125 - 70) 

= 962,500 BTu/Hr. 

- • !- "•. ,:, _ ..... ., 
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· Freshwater GPM = 962 ;soo BTU/.Hr . 
. . 't 500 X (115- 62)·-

= 36 GFM 
.1'' · 

'-:: .:: 
D. . AQUACOL'IURE roiDS HEAT GAJ:'T DORING HEATING PERIOO c . 

,_; • : ~··~· • : • .. :··e'·L:· ~(:.::.-

Heat gain = Solar gain + Transmission 
-;-;~ ~ \. ~ : 

Exposed Area = N - 204 X 9 = 1836 
. . '":.: . .: 

E :..... 8i x 9· .: .. - - "73s· 
•. : ~· . 

.. . ~ . : -· -~ .. "• _.,:-:-s-
s· - 204 x 9 ,- 1836 

•·. 
i~- 82 X 9 738 

. -· . r ., . .. :·~., :. 
Hor.- 204 x 82 = 16, 728 

Solar .Gain Factors= N - 3o -~/Hr-Ft2 
E- 77 

·;· .. 

-~- · s- n 

·w ....;. , 90 ( 

Her - 205 

Solar Gain= 1836 (30 + 72) + 738 (77 + 90) + 16,728 (205) 

· ~~·.::.;~ : ·:.. :.;:_·:_ ·: ·~~ .. = ;~7',27~ ·; . 1;;~, 2~·6 + ~ >42:;:§ ;~~cf ..:~ ::·:. ~:--
= 3,739,758 BTU/Hr 

-·'- -.! . :·. 
: ~ :1 ~~ .: .f:' •. ::.. : ••• :~ !:";_ 

Tiail~S~{~n c;rin = t (2 x 1836') + .,2 x 738) + 16,728 x 

.· .. ~~ :! -~ ~- ·-. 

437 , 520 B'IU/Hr ·.· 
. . : ~: 

= 4,177,278 BTU/Hr 
.•.:· .·. ·. 

E . AQl11a)LTO'.RE FACILITY VENTIIATICN ·RATE . 
' o,; • • ~: ., ~ •. -· 

Total Heat Gain = 4,177, 278 BTU/Hr 
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If a r:ax. tenp~ ri~ of . ~9~F in the aquaculture building is 
~ 

allowed, 

Vent rate= 4,177,278 
LOS X 20°F 

,. ~ . ·:. 

= 193.,392.5 CFM 

= 19,340 CFM/FAN 
(• 

F . i?aiD HFAT GAIN DCRJNG COOLING PERICD 

--Assuming enclosure ter:p. is 120°F and water te!lp. 
:· .... :· "2 : 

h-value of 1 BTU/Hr-Ft. -°F 

... ,, 
G. 

Poni Heat Gain = h X A X T 

= 1 X 185 X 60 X 20 

= 222,000 BTO/~ 

Ccoling water flow required = Heat gain 
·500 x.0.T 

Cooling water= 222,000 (500 x .20) 

= 25 GEM 

"· ... : . \ ·: .~ .. -- ~- : ~·? ~ ;.. 
~ClOSE HEAT LOOS 1-.ND POI'ENI'Il\I, HEAT GAm FRCM PCtiD EFFI.UENI' ..'! ':. · .. · . , 
Enclosure area= 30' x 108 ' 

.··• - .. 
Surface area = N (2 .x ? ' .. x. 108 ') + (2 .x 10 ' x _ _:1?.~ >, , + (30 x lOB) 

:~: f3 ::::· :._~ . .. ~ .. ':" ~ ' •• '.' ~';· ... ~ ... ..~.. 

~ 1728 + 600 ' + 3240 
I . ·- X ~--. ..... ~ .::-· - ,.(· . 

· = 5568 n2 -
, ... ~--: ·: : ' ? 

,_:I,_'~ ... '. ,_;:·.:,.. ••• :·· . .. 2 . . 
With a u-Factor of 1 BTU/Hr-Ft -°F ru,xi a 30~Jf t,emp, difference ... ;. -:.·.~ ;; ~ . . ~~-.' :.;.. ~; ..... ~-:..: . 

(20° outside 50° inside) 
• ' I' 

Heat Loss = 1 x 5568 x 30 
:.:~:t;c .. ~ t.:;') ~:. ..... ·: .. 

-

16i,o4o ... BTf!/& -.. -
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; . 

Pond effluent tenp. of 80°P aitd .a flow at 30 GPM with a . . . 

delta T through the~ree~se Heaters . 

"' Available heat = 30 GPM X 500 X 10 

= 150 t 000 B'IU/Hr 

Due to additional infiltration los~, tl)e Greenhouse will require 

additional heating but sufficient heat should be aVailable for Spring 

and Fall heating· requi.retrents. 
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